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O B J E C T I V E S The purpose of this study was to assess plaque characteristics of optical coherence
tomography (OCT)-derived thin-cap ﬁbroatheroma (TCFA) by integrated backscatter intravascular
ultrasound (IB-IVUS).
B A C KG ROUND Radiofrequency signal-derived IVUS tissue characterization technology has be-
come clinically available and provided objective and quantitative plaque characteristics of the coronary
vessel wall. Integrated backscatter IVUS is one of the tissue characterization methods that can possibly
provide quantitative plaque characteristics of the OCT-derived TCFA.
METHOD S Eighty-one coronary lesions with plaque burden40% were selected and analyzed with
both IB-IVUS and OCT. The OCT-derived TCFA was deﬁned as a presence of thin ﬁbrous cap (65 m)
overlying a signal-poor lesion with diffuse border representing a lipid-rich plaque. By conventional
gray-scale IVUS, external elastic membrane (EEM) cross-sectional area (CSA), lumen CSA, plaque plus
media (PM) CSA, plaque burden and remodeling index were measured. By IB-IVUS, plaque character-
istics were further classiﬁed as ﬁbrosis, dense ﬁbrosis, calciﬁcation, or lipid pool.
R E S U L T S Optical coherence tomography identiﬁed 40 TCFAs (49%) and 41 non-TCFAs. The EEM
CSA, PM CSA, plaque burden, and remodeling index were signiﬁcantly larger in OCT-derived TCFA than
non-TCFA. By IB-IVUS, percentage lipid pool area ( lipid pool area/PM CSA  100) was signiﬁcantly
higher (62.4  12.8% vs. 38.4  13.1%, p  0.0001) and percentage ﬁbrosis area ( ﬁbrosis area/PM
CSA 100) was signiﬁcantly lower (34.6 11.4% vs. 50.5 8.7%, p 0.0001) in OCT-derived TCFA than
non-TCFA. By receiver-operator characteristic curve analysis, percentage lipid pool area 55%,
percentage ﬁbrosis area 41%, and remodeling index 1.0 were predictors of OCT-derived TCFA.
CONC L U S I O N S The OCT-derived TCFA had larger plaque burden and positive remodeling with
predominant lipid component and less ﬁbrous plaque assessed by IB-IVUS. (J Am Coll Cardiol Img
2011;4:638–46) © 2011 by the American College of Cardiology Foundation
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639tudies conducted over the past 15 years have
demonstrated that even minimally or mod-
erately stenotic atherosclerotic plaques can
cause acute myocardial infarction and sud-
den cardiac death. Because plaque characteristics of
the vulnerable plaque (i.e. thin-cap fibroatheroma
[TCFA]) are microstructural, diagnostic technique
requires high spatial (axial, lateral, elevational) and
temporal resolution. Pathologically, TCFAs are
characterized as a presence of a large lipid pool with
overlying thin fibrous cap (65 m) (1). Although
See page 656
intravascular ultrasound (IVUS) is widely used to
visualize coronary arteries in the clinical setting, its
resolution (100 to 150 m) is not high enough to
identify presence of thin-fibrous cap. Intracoronary
optical coherence tomography (OCT) has been
introduced as an alternative intracoronary imaging
technology, providing better resolution (10 to 20
m) than IVUS (2). It has been reported that OCT
could measure the thickness of the fibrous cap and
thus reliably detect TCFA (3,4). By contrast, be-
cause OCT has a limited depth of penetration (5),
it is difficult to visualize the entire plaque structure
and to quantitatively assess plaque characteristics.
Recently, radiofrequency (RF) signal-derived
IVUS tissue characterization technology has be-
come clinically available and provided objective and
quantitative plaque characteristics of the coronary
vessel wall. Integrated backscatter intravascular ul-
trasound (IB-IVUS) is one of the tissue character-
ization methods that can possibly predict OCT-
derived TCFA and provide quantitative plaque
characteristics of the OCT-derived TCFA. We
hypothesized that IB-IVUS could provide quanti-
tative plaque characteristics of the OCT-derived
TCFA. Therefore, the purpose of this study was to
evaluate OCT-derived TCFA and to investigate
plaque characteristics of the OCT-derived TCFA
with gray-scale IVUS and IB-IVUS.
METHODS
Study population. Between April 2007 and Novem-
er 2009, 141 consecutive patients who underwent
oth OCT and IVUS imaging were enrolled and
tudied. Lesion inclusion criteria were: 1) de novo
esion; and 2) lesions with plaque burden 40%
ssessed by IVUS (1,6,7). Thus, of the 141 patients,
1 patients who did not have coronary artery lesions
ith plaque burden 40% by IVUS were notncluded. Patients with poor OCT/IVUS image
uality (n  12), ostial lesion (n  2), severely
180°) calcified lesion (n  5), and lesion with
thrombus (n  5) were excluded. Finally, 56 pa-
tients with coronary artery disease (46 stable angina
pectoris, 10 acute coronary syndrome [ACS]) were
enrolled in this study. The OCT-derived TCFA
was defined as a presence of thin fibrous cap (65
m) overlying a signal-poor lesion (90°) with
diffuse border representing a lipid-rich plaque (8).
Plaque with thick fibrous cap (65 m) was
defined as non-TCFA.
IVUS and OCT imaging. A commercially available
IVUS imaging system (Galaxy 2, Boston Scientific,
Natick, Massachusetts) and an IVUS catheter (At-
lantis SR Pro 2.5-F, 40-MHz, Boston Scientific)
were used. A commercially available personal com-
puter with custom software (IB-IVUS,
YD Co., Ltd., Nara, Japan) was connected
to the IVUS imaging system to obtain RF
signal for subsequent analysis. All patients
received heparin (100 U/kg), and the
IVUS catheter was inserted into the cor-
onary artery through a 6- to 7-F coronary
guiding catheter over a 0.014-inch guide-
wire. To prevent coronary spasm, nitro-
glycerin (200 g) or isosorbide dinitrate (1
g) was injected before any imaging pro-
edures. The transducer was pulled back
utomatically at 0.5 mm/s to obtain the
maging sequence, which started at least
0 mm distal to plaque being analyzed. A
ingle frame of each IB-IVUS image was
ivided into picture elements (minimum
nits for evaluation of IB-value) in the
ollowing sequence: 1) the image was di-
ided into 256 vector lines (1.4 grade/
ine); and 2) 71 regions of interest were defined for
ach 50-m depth on each vector line. Accordingly,
volumetric elements were expressed approximately as
2r/256  0.05 mm  1.0 mm (r  distance from
the center of IVUS catheter). The IB values were
calculated as the average power of the ultrasound
backscattered signals from a small volume of tissue.
For that purpose, fast Fourier transform was used
and measured in decibels (dB). It was reported that
the attenuation for the distance from lumen-intima
border to media-adventitia border with a 40-MHz
frequency catheter was 5.9 dB/mm. Therefore, we
corrected each IB value by adding 0.59 dB/0.1 mm
(9–11). After the IVUS procedure, OCT examina-
tion was performed as previously described (12).
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640catheter (Helios, Light-Lab Imaging, Inc., West-
ford, Massachusetts) and a guidewire-based OCT
imaging catheter (ImageWire, Light-Lab Imaging,
Inc.) were inserted into the coronary artery. The
OCT pullback imaging was performed with an
automated pullback device (1 mm/s) from at least
10 mm distal to plaque. After occlusion of the
proximal part of each coronary artery, OCT imag-
ing was performed under continuous infusion of the
lactate linger solution. Obtained OCT images were
recorded on a CD-ROM for offline analysis, for
which proprietary software from LightLab Imaging
was used. The IVUS and OCT imaging were
performed at the culprit vessel as well as nonculprit
vessels.
Quantitative coronary angiography. Quantitative
oronary angiography analysis was performed with
he CAAS II system (Pie Medical Imaging, Maas-
richt, the Netherlands).
Gray-scale IVUS and IB-IVUS measurements. Each
ray-scale IVUS and IB-IVUS parameter was mea-
ured. Quantitative IVUS measurements were per-
ormed at the lesion, and both proximal and distal
eference were performed by an experienced IVUS
nalyst with commercially available planimetry soft-
are (echoPlaque 3.0 INDEC Medical Systems,
anta Clara, California). Cross-sectional images
ere quantified for lumen cross-sectional area
CSA), external elastic membrane (EEM) CSA, and
laque  media (PM) CSA. The PM CSA
ere calculated as a difference between EEM CSA
nd lumen CSA. The cross section with the small-
st lumen CSA was selected for analysis. If there
ere multiple cross sections with the smallest lu-
en CSA, the image slice with the largest EEM
nd PM CSA ( the largest plaque burden) was
nalyzed (13,14). The identical cross section was
arefully selected with intravascular or peri-vascular
andmarks and a constant pullback speed (13–15).
roximal or distal reference was selected as a cross
ection with the largest lumen and the smallest
laque burden within 10 mm proximally and dis-
ally. Remodeling index was defined as the ratio of
EM CSA at the measured lesion (minimum
uminal site) to reference EEM CSA (the average
f the proximal and distal reference segments) (16).
laque burden was calculated as: (PM CSA/
EMCSA) 100 (%). Interobserver variability for
EEM CSA and lumen CSA were 4.3  5.4% and
4.2  5.1%, respectively. Intraobserver variability
for EEM CSA and lumen CSA were 2.8  4.9%
and 2.7  5.3%, respectively.The IB-IVUS analysis was performed with pre-
viously validated, commercially available software
(IB-IVUS, YD Co., Ltd.) (9). Two-dimensional
(2D) color-coded maps with IB values were con-
structed in 21 consecutive IVUS image slices at
1-mm intervals centered at the most severe stenotic
site. The quantitative IB-IVUS analysis was per-
formed by an experienced physician unaware of the
clinical data. The slices were excluded for analysis if
calcification (arc 180°) was present or a side
branch existed. The percentage of 4 tissue param-
eters under investigation (lipid pool, fibrosis, dense
fibrosis, and calcification) was automatically calcu-
lated by IB-IVUS system after exact manual trac-
ing. Because the media of coronary artery always
presents a low echoic band, potentially identified
with “lipid” by the current algorithm of IB-IVUS,
the internal border of media (internal elastic mem-
brane) was traced manually to eliminate the mis-
judgment as described in previous studies (9,17).
The acoustic shadows of the guidewire and calcifi-
cations were manually traced and excluded to min-
imize acoustic artifacts. For 2D analysis, the cross-
section of the tightest lumen was selected as the
minimal lumen area (MLA) segment. Percentage
lipid pool area, percentage fibrosis area, percentage
dense fibrosis area, and percentage calcification area
were also determined at the MLA site. After the
color-coded maps were transformed into Cartesian
coordinates, the percentage calcification area (calcifi-
Table 1. Patient Clinical and Lesion Characteristics (n  56)
Male 43 (77)
Age (yrs) 68 9
Clinical presentation
Stable angina pectoris 46 (82)
Unstable angina pectoris 8 (14)
STEMI 2 (4)
NSTEMI 0 (0)
Coronary risk factors
Hypertension 44 (79)
Hyperlipidemia 37 (66)
Diabetes mellitus 28 (50)
Smoking 17 (30)
Number of target lesions 81
Culprit lesion 48 (59)
Nonculprit lesion 33 (41)
LAD 22 (27)
LCx 15 (19)
RCA 44 (54)
Data are n (%) or mean  SD.
LAD  left anterior descending coronary artery; LCx  left circumﬂex
coronary artery; STEMI  ST-segment elevated myocardial infarction;
NSTEMI  non–ST-segment elevated myocardial infarction; RCA  right
coronary artery.
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641cation area/PMCSA), the percentage dense fibrosis
rea (dense fibrosis area/PM CSA), the percentage
brosis area (fibrosis area/PM CSA), and the per-
entage lipid pool area (lipid pool area/PM CSA)
ere automatically counted by use of commercially
vailable computer software (T3D, Fortner Research,
terling, Virginia).
OCT measurements. The OCT measurements were
erformed at the cross sections determined by
VUS. The identical cross sections were carefully
elected with intravascular and perivascular land-
ark and a constant pullback speed as previously
eported (15). By OCT, lipid-rich plaque was
efined as a signal-poor region with diffuse borders
4,8). Fibrous cap was defined as a signal-rich
omogenous layer overlying the lipid-rich plaque.
he OCT-derived TCFA was defined as a presence
f thin fibrous cap (65 m) overlying a lipid-rich
plaque (90°) (8). Plaque without TCFA was
defined as non-TCFA. The thinnest part of the
fibrous cap was measured 3 times, and its average
was defined as OCT fibrous cap thickness (18,19).
All OCT images were analyzed by 2 independent
investigators (T.K. and R.Y.). When there was
discordance between observers, a consensus reading
was obtained. Intraobserver and interobserver vari-
ability of the OCT measurements for the fibrous
cap thickness were 8.8  7.8% and 8.5  7.3%,
espectively. Intraobserver and interobserver agree-
ents for the detection of OCT-derived TCFA
ere within acceptable range (intraobserver; kappa
0.81, interobserver; kappa  0.87, respectively).
Statistical analysis. Analysis of variance and un-
aired t tests were used for continuous variables,
nd Fisher exact test was used for dichotomous
ariables. Data are expressed as the mean SD. To
ssess the interobserver and intraobserver variabil-
ty, the results were compared with the kappa-test
f concordance for the categorical data, and Bland-
ltman plot was fulfilled for continuous variables.
eceiver-operator characteristic (ROC) curves were
onstructed to determine optimal sensitivity and
pecificity. The association between fibrous cap
hickness and plaque characteristics was investi-
ated with linear regression. A p value 0.05 was
onsidered statistically significant.
RE SULTS
A total of 81 coronary plaques (48 culprit lesions,
and 33 nonculprit lesions [nonsignificant lesion
that did not require PCI]) (age 68  9 years, 43 wmen, and 13 women) were selected from 56
patients.
Table 1 summarizes the patient clinical and
lesion characteristics. Forty plaques (49%) were
classified as OCT-derived TCFA (mean fibrous cap
thickness by OCT was 51.0  8.4 mm), and the
emaining 41 plaques (51%) were diagnosed as
on-TCFA (mean fibrous cap thickness by OCT
Figure 1. Representative Case of OCT-Derived TCFA OCT Image
Scale IVUS Image, and IB-IVUS Image
The ﬁbrous cap thickness of this lesion was 50 m by optical cohe
tomography (OCT) measurement (A) (white arrows), and this plaqu
diagnosed as OCT-derived thin-cap ﬁbroatheroma (TCFA). Gray-scal
vascular ultrasound (IVUS) image (B). Integrated backscatter intrava
ultrasound (IB-IVUS) (C) revealed 40.0% percentage ﬁbrosis area (gr
56.0% percentage lipid pool area (blue)., Gray-
rence
e was
e intra-
scular
een) andas 209.5 114.0 mm). Figure 1 shows gray-scale,
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642IB-IVUS, and OCT images from a representative
case of OCT-derived TCFA.
Comparison of OCT-derived TCFA and non-TCFA.
Angiographic lesion characteristics between OCT-
derived TCFA and non-TCFA are summarized in
Table 2. Reference diameter, lesion length, and
percentage diameter stenosis of OCT-derived
TCFA were significantly higher than those of
non-TCFA (all p  0.05). There were no signifi-
cant differences in minimal lumen diameter be-
tween the 2 groups. Gray-scale IVUS and IB-IVUS
results are shown in Table 3. The EEM-CSA,
PM CSA, plaque burden, and remodeling index
of OCT-derived TCFA were significantly higher
than those of non-TCFA (all p  0.05). The
B-IVUS results demonstrated that lipid pool area
as significantly larger and dense fibrosis and cal-
ification areas were significantly smaller in the
CT-derived TCFA (all p  0.0001). Similarly,
ercentage lipid pool area was significantly higher,
nd percentage calcification area, percentage dense
brosis area, and percentage fibrosis area were
ignificantly lower in the OCT-derived TCFA than
on-TCFA (all p  0.0001).
Correlation between ﬁbrous cap thickness and IB-IVUS
measurements. Correlation between fibrous cap
thickness and plaque characteristics by IB-IVUS are
shown in Figure 2. Percentage fibrosis area and
percentage dense fibrosis area correlated positively
and significantly with OCT fibrous cap thickness.
Percentage calcification area correlated positively
and weakly with OCT fibrous cap thickness. By
contrast, percentage lipid pool area correlated neg-
atively and significantly with OCT fibrous cap
thickness.
Diagnostic values of IB-IVUS and gray-scale IVUS to
classify OCT-derived TCFA. By ROC curve analysis,
ptimal cutoff values for the detection of OCT-
erived TCFA were determined. The cutoff values
f percentage fibrosis area, percentage lipid pool
rea, remodeling index, and plaque burden were
Table 2. Lesion Characteristics
Non-TCFA
(n  41)
TCFA
(n  40) p Value
LAD/LCx/RCA 11/9/21 11/6/23 0.71
Reference diameter (mm) 2.70 0.46 2.92 0.47 0.05
Minimal lumen diameter (mm) 1.56 0.44 1.38 0.52 0.10
% diameter stenosis (%) 42.2 12.0 52.8 14.7 0.05
Lesion length (mm) 7.86 3.38 9.36 3.18 0.05
Data are n or mean  SD.
TCFA  thin-cap ﬁbroatheroma; other abbreviations as in Table 1.1%, 55%, 1.0, and 75%, respectively. Percentageipid pool area was the best of all IVUS parameters
or classifying OCT-derived TCFA (area under the
urve  0.93) (Fig. 3). Among 40 OCT-derived
TCFA, 35 (88%) had a lipid area of55%, whereas
only 2 (5%) non-TCFA had a lipid pool area of
55%. Sensitivities, specificities, positive predict-
ing values, negative predictive values, and accuracies
for each parameter at the cutoffs values are shown in
Table 4.
Comparison between OCT-derived and IB-IVUS-derived
TCFA. With percentage lipid pool area 55% as an
B-IVUS criteria for detecting IB-IVUS-derived
CFA, 37 (45.7%) of 81 lesions were diagnosed as
B-IVUS–derived TCFA. Thirty-five of 37 lesions
94.6%) met both IB-IVUS and OCT criteria. Two
5.4%) of 37 IB-IVUS–derived TCFA that did not
et OCT criteria for TCFA had thick-cap (65
m) fibroatheroma with percentage lipid pool area
55%. By contrast, 5 (12.5%) of 40 OCT-derived
TCFA that did not fulfill criteria for IB-derived
TCFA had thin-fibrous cap but did have a small
amount of percentage lipid pool area (55%) by
IB-IVUS.
D I SCUSS ION
Our present study demonstrated that OCT-derived
TCFA had bigger vessel size, larger plaque burden,
and higher remodeling index by gray-scale IVUS
and had more lipid plaque and less fibrous plaque by
IB-IVUS. In addition, percentage lipid pool area
55% was the best predictor of the OCT-derived
TCFA, suggesting that IB-IVUS might be used as
Table 3. Gray-Scale and IB-IVUS Measurements
Non-TCFA
(n  41)
TCFA
(n  40) p value
EEM CSA (mm2) 11.3 3.4 15.8 4.3 0.0001
Lumen CSA (mm2) 3.5 1.5 4.1 1.8 0.11
PM CSA (mm2) 7.8 2.5 11.7 4.1 0.0001
Plaque burden (%) 69.2 8.1 73.5 10.1 0.05
Remodeling index 0.95 0.14 1.08 0.15 0.0001
% ﬁbrosis area (%) 51.1 9.5 34.7 9.5 0.0001
% dense ﬁbrosis area (%) 7.3 4.2 2.5 2.0 0.0001
% calciﬁcation area (%) 3.1 2.6 0.7 1.0 0.0001
% lipid pool area (%) 38.6 12.8 62.1 10.8 0.0001
Fibrosis area (mm2) 3.92 1.12 3.98 1.53 0.73
Dense ﬁbrosis area (mm2) 0.52 0.28 0.28 0.22 0.0001
Calciﬁcation area (mm2) 0.23 0.19 0.08 0.11 0.0001
Lipid pool area (mm2) 3.18 1.63 7.34 3.15 0.0001
Data are mean  SD. Remodeling index was deﬁned as ratio of lesion to
reference external elastic membrane (EEM) cross-sectional area (CSA) (the
average of the proximal and distal reference segments).
IB-IVUS  integrated backscatter intravascular ultrasound; PM  plaqueplus media; TCFA  thin-cap ﬁbroatheroma.
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643an alternative or adjunctive to the OCT in detecting
TCFA in vivo. Furthermore, considering that OCT
alone does not provide objective and quantitative
plaque characteristics of the entire vessel wall, it
might be useful to combine IVUS and OCT images
to further improve plaque assessments in vivo.
These findings are comparable with results of not
only histopathological examinations but also those
from studies with another RF signal-derived IVUS
system, virtual histology (VH)-IVUS (6,20). Sawada
et al. (20) reported that VH-IVUS detected 28 (78%)
of 36 OCT-derived TCFA with a diagnostic crite-
ria of TCFA by VH-IVUS (6). In addition, TCFA
diagnosed by both VH-IVUS and OCT had sig-
nificantly larger plaque volume, vessel volume, per-
centage plaque volume, and vessel remodeling in-
dex, concordant with our results. Our results were
also concordant with a previous clinical study to
predict future ACS by IB-IVUS (21). Sano et al.
(21) investigated 160 nonsignificant coronary le-
sions from 140 patients with angina pectoris by
IB-IVUS and prospectively followed up. During
follow-up (mean 30 months), 12 plaques developed
ACS. By gray-scale IVUS and IB-IVUS, plaque
burden, remodeling index, and percentage lipid
pool area were significantly greater and percentage
fibrosis area was smaller in the 12 plaques. By ROC
curve analysis, optimal cutoffs of percentage fibrosis
Figure 2. Correlation Between Fibrous Cap Thickness and IB-IVU
Percentage lipid pool area correlated negatively and signiﬁcantly
IB-IVUS  integrated backscatter intravascular ultrasound.area, percentage lipid pool area, remodeling index,eccentricity rate, and plaque burden were 25%, 65%,
1.25, 0.65, and 55%, respectively (21). These cutoff
values are slightly different from our present results
to identify OCT-derived TCFA. One possible
explanation for the discordance is a difference in the
end-point (presence of OCT-derived TCFA or
future ACS). Another explanation could be made
by the difference in the study population. Sano et al.
(21) studied only nonsignificant, nonculprit lesions,
whereas we included both culprit lesions and non-
culprit lesions. In addition to plaque characteristics,
remodeling index was a conventional IVUS predic-
tor of OCT-derived TCFA. This is quite concor-
dant with the previous IVUS studies demonstrating
that positive arterial remodeling is a characteristic
finding of the ACS (22-24) and thus a marker of
vulnerable or high-risk plaque (5,16,25-27). Our
present study further demonstrated the direct cor-
relation between plaque components and thickness
of the fibrous cap. A previous study using both
angioscopy and IB-IVUS demonstrated that the
surface color of the plaque by angioscopy reflects
the thickness of the fibrous cap determined with 2D
IB-IVUS imaging (9). More recent OCT studies
demonstrated that the yellowish color of the plaque
by angioscopy correlates well with thickness of the
fibrous cap (28,29). Our quantitative IB-IVUS
results further address that thickness of the fibrous
arameters
th optical coherence tomography (OCT) ﬁbrous cap thickness.S P
wicap correlated with the total amount of lipid com-
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644ponent, suggesting that both thickness of the fi-
brous cap and the amount of the lipid plaque could
contribute to the yellowish appearance of the cor-
onary surface by angioscopy. Previous studies dem-
onstrated that intensive lipid lowering by statins
might be efficacious for plaque stabilization/
regression assessed by gray-scale IVUS as well as
IB-IVUS. A recent OCT study suggested that
statins might be also efficacious to prevent thinning
of the fibrous cap (19). Therefore, further study
Table 4. Diagnostic Threshold of IB-IVUS for Detecting OCT-Der
Sensitivity Sp
IB-IVUS
% lipid area (cutoff  55%) 88%
% ﬁbrous area (cutoff  41%) 85%
Gray-Scale IVUS
Remodeling index (cutoff 1.0%) 85%
Plaque burden (cutoff 75%) 63%
IVUS  intravascular ultrasound; NPV  negative predictive value; OCT  opti
Figure 3. ROC Curves for Each Intravascular Ultrasound Parame
Receiver-operator characteristic (ROC) curves of % ﬁbrosis area, % l
ing OCT-derived TCFA. Note that areas under the curve (AUC) show
classifying OCT-derived TCFA. Abbreviations as in Figure 1.in Tables 2 and 3.with serial IVUS and OCT imaging of the noncul-
prit lesions with or without thin fibrous cap would
possibly provide insights into interaction between
fibrous cap thickness, vessel remodeling, and the
amount of lipid plaque and plaque progression or
stabilization in an in vivo setting (15). An improved
understanding of the natural history and clinical sig-
nificance of vulnerable plaques in living human pa-
tients would accelerate research in progression, treat-
ment, and prevention of coronary artery disease.
TCFA
ﬁcity PPV NPV Accuracy
93% 92% 88% 90%
85% 85% 85% 85%
78% 79% 84% 82%
61% 61% 63% 62%
oherence tomography; PPV  positive predictive value; other abbreviations as
pool area, remodeling index, and plaque burden for the classify-
t percentage lipid pool area was the most sensitive parameter forived
eci
cal cter
ipid
tha
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645Study limitations. First, this study included relatively
small numbers of patients. Therefore, these results
should be confirmed by a larger study population.
Second, although IB-IVUS was compared with
OCT as a gold standard, we did not directly
compare the results with pathology because of in
vivo study design. The OCT was used to identify
TCFA. Plaque component characterization er-
rors—in particular, the differentiation of lipid and
calcium—can occur, but in our study both gray-
scale and IB-IVUS confirmed that no calcium was
misdiagnosed as lipid in OCT-derived TCFA.
However, due to OCT image artifacts, it is possible
that some misinterpretation of plaque by OCT as
TCFA might have occurred. Furthermore, we
could observe only limited vessel areas, because the
IB-IVUS and OCT procedures have several limi-
tations for imaging certain lesions, such as severely
calcified tortuous lesions or other complex lesions.
Thus, our study results do not represent an unbiased
sampling of all coronary arteries, and the detection
rate of TCFA in our study patients might be
underestimated or overestimated. Third, the natural
course of the OCT-derived TCFA is still unclear
and thus needs further studies. Fourth, although wecap fibroatheroma detection using ultra-
1
1
sonic properties of vplaque rupture and ACS, other plaque characteris-
tics such as plaque erosion and calcified nodule
might be responsible for ACS. In addition, some
selection bias was inevitable, because we selected 1
or 2 plaques in each patient. Finally, we excluded
patients with severe calcified coronary plaques.
Therefore, the diagnostic role of IB-IVUS for
severely calcified lesions remains uncertain (30).
CONCLUS IONS
Optical coherence tomography-derived TCFA had
larger plaque burden and more positive remodeling
with predominant lipid component assessed by
IB-IVUS.
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